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(54) Fluorinated curable silicone compositions 

(57) A fluorinated curable composition contains as 
main components, (A) a linear polyfluoro compound of 
the formula (1): 



CH 2 =CH-(X) a -Rf -(X) a -CH=CH 2 



0) 



wherein X is -CH 2 -, -CH 2 0-, etc., Rf 1 is a divalent per- 
fluoroalkylene or perfluorooxyalkylene group, and "a" is 
0 or 1, (B) a linear polyfluoro compound of the formula 
(2): 



wherein X and "a" are as defined above, and Rf 2 is a 
monovalent perfluoroalkyl or perfluorooxyalkyl group, 
(C) an organosilicon compound having at least two hy- 
drosilyl groups, (D) a platinum group catalyst, and (E) a 
fluorinated organopolysiloxane. The composition is vac- 
uum deaeratable and foam breakable, cures into a gel 
having improved chemical and solvent resistance, and 
is suited for the potting, sealing and coating of electric 
and electronic parts. 



Rf-(X) a -CH=CH 2 
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Description 

[0001 ] This invention relates to fluorinated curable compositions. Preferred embodiments may be effectively vacuum 
deaeratable and foam breakable, cure into gel products having improved chemical and solvent resistance, and be 
s suited for the potting, sealing and coating of electric and electronic parts. 

BACKGROUND 

[0002] Cured gel products of silicone rubber have good electrically and thermally insulating properties, stable electric 
10 properties and flexibility. They are useful as potting and sealing compounds for electric and electronic parts, and coating 
compounds for protecting control circuit devices such as power transistors, ICs and capacitors from external, thermal 
and mechanical damages. 

[0003] Typical silicone rubber composition examples forming such cured gel products are organopolysiloxane com- 
positions of the addition curing type. The organopolysiloxane compositions of the addition curing type are known, for 

'5 example, from JP-A 56-1 43241 , 62-3959, 63-35655 and 63-33475 as comprising an organopolysiloxane having a vinyl 
group attached to a silicon atom and an organohydrogenpolysiloxane having a hydrogen atom attached to a silicon 
atom, wherein crosslinking reaction takes place in the presence of a platinum group catalyst to form a silicone gel. 
[0004] However, silicon gels resulting from such organopolysiloxane compositions of the addition curing type are 
prone to degradation or swelling upon exposure to such chemicals as strong bases and strong acids or such solvents 

20 as toluene, alcohols and gasoline, often failing to maintain their performance. 

[0005] As one solution to this problem, JP-A 11-116685 discloses a fluorochemical gel composition comprising a 
polyfluoro compound having two alkenyl groups and a divalent perfluoroalkylene or perfluorooxyalkylene group in a 
molecule, an organohydrogenpolysiloxane having a hydrogen atom attached to a silicon atom, and a platinum group 
catalyst as well as a fluorochemical gel product resulting from curing thereof. This cured fluorochemical gel product 

25 exhibits better chemical and solvent resistance as desired than ordinary silicone gels. However, there is a drawback 
that when the potting compound is fed around an electric or electronic part and kept in vacuum for removing air there- 
from, it can spill over the electric or electronic part package due to foaming. 

[0006] It would thus be advantageous to provide a fluorinated curable composition which is effectively vacuum de- 
aeratable and foam breakable and cures into a gel product having improved chemical and solvent resistance. 

30 [0007] It has been found that by using a linear polyfluoro compound having at least two alkenyl groups of the following 
general formula (1 ) and another linear polyfluoro compound having one alkenyl group of the following general formula 
(2) as base components and formulating therewith an organosilicon compound having at least two hydrosilyi groups 
in a molecule, a platinum group catalyst, and a fluorinated organopolysiloxane, there is obtained a fluorinated curable 
composition whereof embodiments are vacuum deaeratable and foam breakable and cures into a gel product having 

35 improved chemical and solvent resistance. 

[0008] Specifically, the invention provides a fluorinated curable composition comprising as main components, 

(A) a linear polyfluoro compound of the following general formula (1 ): 
40 CH 2 =CH-(X) a -Rf 1 -(X) a -CHz:CH 2 (1) 

wherein X is independently -CH 2 -, -CH 2 0-, -CH 2 OCH 2 - or -Y-NR 1 -CO- wherein Y is -CH 2 - or 

45 




CH 3 

50 

and R 1 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon group, Rf 1 is a divalent perfluoro- 
alkylene or perfluorooxyalkylene group, and "a" is independently equal to 0 or 1 , 
(B) a linear polyfluoro compound of the following general formula (2): 

55 

Rf 2 -(X) a -CH=CH 2 (2) 
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10 



15 



wherein X and "a u are as defined above, and Rf 2 is a monovalent perfluoroalkyl or perfluorooxyalkyl group 3 

(C) an organosificon compound having at least two hydrosilyl groups in a molecule, 

(D) a platinum group catalyst, and 

(E) a fluorinated organopolysiloxane. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] In the fluorinated curable composition of the invention, component (A) is a linear polyfluoro compound of the 
following general formula (1). 

CH 2 =CH-(X) a -Rf 1 -(X) a -CH=CH 2 (1) 
Herein X is independently -CH 2 -, -CH 2 0-, -CH 2 OCH 2 - or -Y-NR^CO- wherein Y is -CH 2 - or 

CH 3 



20 CH 3 

and R 1 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon group. Rf 1 is a divalent perfluoroalkylene 
group or divalent perfluorooxyalkylene group. Letter "a" is independently equal to 0 or 1 . 

[0010] In formula (1), Rf 1 is a divalent perfluoroalkylene group or divalent perfluorooxyalkylene group. The preferred 
2S divalent perfluoroalkylene groups are of the formula: 

-C m F 2m - wherein m is an integer of 1 to 10, preferably 2 to 6. The preferred divalent perfluorooxyalkylene or perfluor- 
opolyether groups are of the following formulae: 

30 4CFOCF 2 )HCF 2 HCF 2 OCFk- 

Y i 

wherein Y is F or CF 3 , p, q and r are integers satisfying p £ 1 , q > 1 , 2 < p+q S 200, especially 2 <, p+q ^ 110, and 0 < r £ 6; 

35 

-CF 2 CF 2 OCF 8 -(CFOCF z ) 3 -(CF J )HCF 2 OCF)rCF 2 OCF 2 CF2- 
CF 3 CF 3 

40 

wherein r, s and t are integers satisfying 0 < r £ 6, s £ 0, t > 0, 0 i s+t i 200, especially 2 £ s+t 2 1 1 0; 

45 -CF-^OCFCF^OCFzVOCF- 

I I I 

Y Y Y 

wherein Y is F or CF 3 , u and v are integers satisfying 1 < u < 100 and 1 < v < 50; 

50 

-CF 2 CF 2 -<OCF 2 CF 2 CF 2 )wOCF 2 CF 2 - 

55 wherein w is an integer in the range of 1 <> w < 1 00. 
[0011] Illustrative examples of Rf 1 are given below. 
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— C 4 F 8 — , — C 6 F 12 — ' 



-(CFOCF 2 )n(CF 2 OCF) m - n + m = 2 to 200 , 
CF 3 CF 3 



— CF 2 CF 2 OCF 2 (CF 2 ) 2 CF 2 OCF 2 CF 2 — , 



-CF 2 CF 2 OCF 2 CFOCF 2 (CF 2 ) 2 CF 2 OCFCF 2 OCF 2 CF 2 - , 
I l 
CF 3 CF 3 



— CF 2 (OCF 2 CF 2 ) n (OCF 2 ) m OCF 2 — n = 1-100, m = 1 to 100 ; 



-CFCOCFCF^nCOCFzJ.OCF- n = 1-100, m - l to 100 , 
I I I 
CF 3 CF 3 CF 3 



— CF 2 CF 2 (OCF 2 CF 2 CF 2 ) n OCF 2 CF 2 — n = 5 to 100 

[0012] In formula (1), X is independently -CH 2 -, -CH 2 0- , -CH 2 OCH 2 - or -Y-NR 1 -CO-. Herein Y is -CH 2 - or a group 
of the following formula. 



35 CH 

-Si" 
CH 



R 1 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon group. The monovalent hydrocarbon groups 
preferably have 1 to 12 carbon atoms, more preferably 1 to 10 carbon atoms. Illustrative are unsubstituted monovalent 
hydrocarbon groups, for example, alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, cyclohexyl and octyl, aryl 
groups such as phenyl and tolyl, and aralkyl groups such as benzyl and phenylethyl, and substituted monovalent 
45 hydrocarbon groups obtained by replacing some or all of the hydrogen atoms in the foregoing groups by halogen atoms 
such as fluorine. 

[0013] The alkenyl groups in formula (1) are preferably vinyl, allyl and analogous groups having a -CH^Ch^ structure 
at the end. The alkenyl groups may be bonded to opposite ends of the backbone directly or via divalent linkage groups 
represented by X. 

so [0014] In formula (1 ), letter "a" is independently equal to 0 or 1 . 

[0015] Component (B) is a linear polyfluoro compound of the following general formula (2). 



55 



Rf 2 -(X) a -ChbCH 2 (2) 

Herein X and "a" are as defined above, and Rf 2 is a monovalent perfluoroalkyl group or monovalent perfluorooxyalkyl 
group. 

[0016] In formula (2), Rf 2 is a monovalent perfluoroalkyl group or monovalent perfluorooxyalkyl group. The preferred 
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monovalent perfluoroalkyl groups are of the formula: 

C m F 2m+r wherein m is an integer of 1 to 20, preferably 2 to 10. The preferred monovalent perfluorooxyalkyl or per- 
fluoropolyether groups are of the following formulae: 

5 

F-{CFCF 2 OfcrCF- 
CF 3 CF 3 

10 

wherein p is an integer of at least 1 , and 

F^CFCF 2 Ofr-CFCF 2 OCF 2 CF 2 - 
CFa CF 3 

wherein q is an integer of at least 1 . 

[0017] Illustrative examples of Rf 2 are given below. 

20 

C 4 F 9~ ' C 8 F 17 — ' 

25 F-(CFCF 2 0)7rCF- 2 to 200 , 

CF 3 CF 3 

30 

F-fCFCFzOVCFCFzOCFzCF^ n = 2 to 200 
CF 3 CF 3 

35 

[0018] In formula (2), X and "a" are as defined in formula (1). It is understood that X and u a° in formula (1 ) may be 
identical with or different from X and "a" in formula (2), respectively. 

[0019] Like component (A), the alkenyl group in formula (2) is preferably a vinyl, allyl or analogous group having a 
-CH=CH 2 structure at the end. The alkenyl group may be bonded to the backbone directly or via a divalent linkage 

40 group represented by X. 

[0020] The composition of the invention should preferably have an appropriate flow and maintain adequate physical 
properties upon curing in order that the composition be used in casting, potting, coating, impregnation, adhesion or 
tight bonding. From this standpoint, the above-described components (A) and (B) each should desirably have a viscosity 
of about 5 to 100,000 centipoise (cp) at 25°C. For each component, one having an optimum viscosity within this range 

45 is selected depending on a particular application. 

[0021] The mixing proportion of components (A) and (B) is not critical because the proportion largely varies depending 
on the desired hardness of a cured product and the structure of acrosslinker. Preferably the weight ratio of components 
(A)/(B) ranges from 1/100 to 100/1 and more preferably from 1/50 to 50/1 . 

[0022] Component (C) is an organosilicon compound which serves as a crosslinker and chain extender for both the 
so components (A) and (B). The organosilicon compound (C) is not critical as long as it has at least two hydrosilyl groups 
(Si-H groups) in a molecule. When the compatibility with and dispersion in components (A) and (B) and uniformity after 
curing are taken into account, the organosilicon compound should preferably further contain at least one monovalent 
perfluorooxyalkyl, monovalent perfluoroalkyl, divalent perfluorooxyalkyl ene or divalent perfluoroalkylene group in the 
molecule as well as at least two, preferably at least three hydrosilyl (Si-H) groups in the molecule. These perfluorooxy- 
55 alky!, perfluoroalkyl, perfluorooxyalkylene and perfluoroalkylene groups are as exemplified below monovalent perfluor- 
oalkyl: 

C m F 2m+1 - wherein m is an integer of 1 to 20, preferably 2 to 10. 
divalent perfluoroalkylene: 
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-C m F 2m - wherein m is an integer of 1 to 20, preferably 2 to 10. monovalent perfluorooxyalkyl: 

F-<CFCF 2 0)n-CF- 
CF 3 CF 3 

wherein n is an integer of 1 to 5. 
divalent perfluorooxyalkylene: 

10 

-(CFOCF 2 MCF 2 OCFk 
I I 
CF 3 CF 3 

15 

wherein an average of m+n is an integer of 2 to 100. 
[0023] The organosilicon compound (C) may be either cyclic or chain-like, or even have a three-dimensional network 
structure. It preferably has at least one monovalent substituent attached to a silicon atom in a molecule, that is, at least 
one organic group containing a perfluoroalkyl, perfluoroalkyl ether or perfluoroalkylene group represented by the fol- 
20 lowing general formulae. 

R 5 0 R 5 0 OR 5 

I II IS I' I 

25 -R'-N-c-Rf -CH 2 CH 2 Rf , -R 4 -N-C-Rf 5 -ON-R 4 - , 



-CH 2 CH 2 -Rf 5 -CH 2 CH 2 - 

30 

[0024] Herein, R 4 is a divalent hydrocarbon group preferably of 1 to 1 0 carbon atoms, especially 2 to 6 carbon atoms, 
for example, an alkylene group such as methylene, ethylene, propylene, methylethylene, tetramethylene or hexame- 
thylene, or an arylene group such as phenylene. R 5 is hydrogen or a monovalent hydrocarbon group preferably of 1 
to 8 carbon atoms, especially 1 to 6 carbon atoms, for example, an alkyl or aryl group. Rf 4 is a monovalent perfluoroalkyl 
35 or perfluorooxyalkyl group as defined for Rf 2 in formula (2). Rf 5 is a divalent perfluoroalkylene or perfluorooxyalkylene 
group as defined for Rf 1 in formula (1 ). 

[0025] Other than the mono or divalent fluorinated substituents, which are monovalent organic groups containing a 
perfluoroalkyl, perfluorooxyalkyl, perfluoroalkylene or perfluorooxyalkylene group as mentioned just above, the orga- 
nosilicon compound (C) may have a monovalent substituent attached to a silicon atom, which is preferably a monovalent 
40 hydrocarbon group free of aliphatic unsatu ration and having 1 to 10 carbon atoms, especially 1 to 8 carbon atoms. 
[0026] The number of silicon atoms in the organosilicon compound is not critical although it preferably has about 2 
to 60 silicon atoms, more preferably about 3 to 30 silicon atoms. Illustrative examples of the organosilicon compound 
are given below where Me denotes methyl and Ph denotes phenyl. These organosilicon compounds may be used 
alone or in admixture. 

45 

Me 

CaF l7 CH 2 CH 2 Si(OSiH)3 , 

50 I 

Me 



55 
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Me Me Me Me 

II II 
(HSiOkSiCHjCHzfCF^CHjCH^iCOSiHk , 



Me 



Me 



10 



15 



Me o 0 Me 

(HSi0)3Si(CH 2 ) 3 NHC(CF2CF 2 O) m (CF 2 O)nCF 2 CNH(CH 2 ) 3 Si(OSiH)3 



Me 



I 

Me 



20 



m = l(k n — 6 



25 



30 



H 0 

N-C-CFOCF 2 CFOC3F 7 



H (CH 2 ) 3 CF 3 

-(SiO) 3 -iiO— , 
I I 
Me Me 



I 

CF 3 



PhO 
■ I II 

N-C-CFOCJR7 

H (CH^a CF 3 

i— (SiO) 3 -SiO - 
I I 
Me Me 



35 



MeO 
I il 

N-C-C,F 15 



H (CH2) 3 

-(SiO) 3 -(SiO) 2 — , 
I I 
Me Me 



45 



H 



MeO 

N-C-CFOCF 2 CFOC 3 F 7 
I I l 
C 3 RACm 3 CF 3 CF 3 



I X I 
r— (SiO) 2 -SiO-SiO— , 

I I I 

Me Me Me 



50 



55 



CH 2 -CFOCF 2 CFOC 3 F, 



H CH 2 CF 3 

-(SiO) 3 -SiO— , 
I I 
CH 3 CH 3 



CF 3 



CH 2 _ CsFj; 

H CH 2 

(SiO) 3 -SiO- 
I I 

ch 3 ca 



7 



EP1 081 192 A1 



H 



i — (iiO)a-iiO — , 
I I 
Me Me 



MeO 

N- C-CFOCF 2 CFOCF 2 CFOC 3 F, 
II ll 
(CH^ CF., CF 3 CF S 



H 



PhO 

I II 

N-C-CFOGFt 



((W CF 3 

(SiO) 2 -Si0 2 — , 
I I 
Me Me 



H 

(SiO) 



Me Me 



MeO 
I « 

N-C-C 7 F 15 

(CH 2 ) 3 

,-iiO- 
I 



(CH 3 ) 2 
CHO 

N-C-CFOCF 2 CFOC 3 F, 
I 



H (CH 2 ) 3 CF 3 
I I 
-<SiO) 3 -SiO— , 
l I 
Me Me 



CF 3 



Me 

I 

S-Cl^CHzSi 
I 




Me<Q 



S : 



H 0 

i e 



O H 

I 



N-C-(CFOCF 2 ) n (CF 2 OCF) ni -C-N 
I I 
CF 3 CF 3 




H 

-(SiO) 3 -SiO- 
I I 
Me Me 



n + m = 2 to 50 



Me 
I 

SiCH 2 CH 2 -S 



0>Me 
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PhO O Ph 

S-(CH2)3-N-C-(CFOCF 2 ) n (CF 2 OCF) m -C-N-(CH 2 ) 3 -S 
I I 
CF 3 CF 3 

H 

-(SiO) 3 -SiO- 
I I 
Me Me 



n + m = 2 to 50 



O Me H MeO 

C3F;OCFCF 2 OCF-C-/j- (CH 2 )3-(SiO) n -(CH 2 ) 3 -N-C-CFOCF 2 CFOC J F7 
CF 3 CF 3 Me CF 3 CF 3 

n = 3 to 50 



H 



PhO 

N-C-CFOCF 2 CFOC5F 7 



I 



CH 2 CF 3 
CH 2 
d)H 2 



Me 3 SiO(SiO) n SiOSiMe 3 
I I 
Me Me 



CF 3 



n = 3 to 50 



CH 2 -CFOCF 2 CFOC 3 F7 



Me 3 SiO 



H CH 2 CF 3 
(iiO) n 4iOSiMe 3 



CF 3 



I 



Me Me 



n = 3 to 50 
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Me 
I 

C8F 17 CH 2 CH 2 SiO- 
Me 



H 
I 

■SiO 
I 

Me 



Me 
I 

-SiO 
I 

Me 



Me 
I 

I — SiCH 2 CH 2 C8F 17 
Me 



(CH^QFn 

- SiO 

I 

Me 



Me 



C 3 F 7 OCFCH 2 CH 2 SiO- 



Me 



CF, 



CF, 



H 
I 

-SiO 
I 

Me 



Me 

I 

-SiO 



Me J io 



(CH^- OCHzCF-^OCFjCFfr F 

- SiO " " 

I 

L Me 



Me 



I — SiCH 2 CH 2 CFOC3F 7 

Af, 



Me 



Me 
I 

C 4 F 9 CH 2 CH 2 SiO- 
Me 



H 
I 

-SiO 
I 

Me j6 



Me 
I 

-SiO 
I 

Me 



12 



H O CF, CF 3 
I II I I 
(CHj^r N-C-CF-pCFaCF)*- F 



■ SiO 

I 

Me 



J6 



Me 
I. 

■ SiCH2CH2C4F9 



Me 
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O Ph 



Me 

I 



H 



C3F 7 OCF-C-N-(CH 2 )5 SiO- 



Me 



-SiO 
I 

Me J is 



Me 
I 

-SiO- 

I 

Me J io 



(CH 2 )3- C 8 F 

- SiO— 
I 

Me 



17 



Me PhO 
I I II 

1 — S i <CH2)y N- C-CFOC 3 F 7 

Me CF 3 



Me Me 
I I 
(HSiOaSiCCH^zCCFOCFzinCCFjOCD.CCH^jSiCOSfflDa 

Me CF 3 CF 3 Me 



[0027] Herein, n and m each are an integer of at least 1 , and n+m is from 2 to 50. 



Me Me Me Me 

II II 
(C 8 F 17 (CH 2 ) 5 SiO)(HSiO) 2 Si(CH 2 ) 2 C 6 F 12 (CH 2 ) 2 Si(OSiH) 2 [OSi(CH 2 )3C B F 17 ) 
II II 
Me Me Me Me 



[0028] The organosilicon compound (C) is preferably blended in such amounts that 0.2 to 2 mol, more preferably 
0.5 to 1.3 mol of hydrosilyl (Si-H) groups are available therefrom per mol of aliphatic unsaturated groups including 
vinyl, ally), and cycloalkenyl groups in the entire composition. With amounts of the organosilicon compound giving less 
than 0.2 mol of Si-H groups, some desirable properties may not be full attained and the composition may not cure into 
a gel because of a short degree of crosslinking. Excessive amounts of the organosilicon compound giving more than 
2 mol of Si-H groups may leave a risk of foaming upon curing. 

[0029] Component (D) is a platinum group catalyst for promoting addition reaction between alkenyl groups in com- 
ponents (A) and (B) and hydrosilyl groups in component (C). These catalysts are generally noble metal compounds 
which are expensive, and therefore, platinum compounds which are relatively easily available are often employed. 
[0030] The platinum compounds include, for example, chloroplatinic acid, complexes of chloroplatinic acid with ole- 
fins such as ethylene, complexes of chloroplatinic acid with alcohols and vinylsiloxanes, and platinum on silica, alumina 
or carbon, though not limited thereto. Known examples of the platinum group compounds other than the platinum 
compound are rhodium, ruthenium, iridium and palladium compounds, for example, RhCI(PPh 3 ) 3 , RhCI(CO)(PPh 3 ) 2 , 
Ru 3 (CO) 12 , lrCI(CO)(PPh 3 ) 2 , and Pd(PPh 3 ) 4 . 

[0031] The platinum group catalyst is used in a catalytic amount, which is preferably about 0.1 to 100 parts by weight 
per million parts by weight of components (A), (B) and (C) combined. 

[0032] Component (E) is a fluorinated organopolysiloxane which serves as an anti-foaming agent for improving foam 
breakability during vacuum deaeration. This fluorinated organopolysiloxane is preferably a linear fluorinated organo- 
polysiloxane of the following general formula (3). 
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R 2 



R 3 -Rf 3 R 2 



R 2 



(Rf 3 -R' 1 )„SiO -<Si-0)r-(Si-0)r Si(R 3 -Rf 3 ) c 
R 2 R 2 



Herein Rf 3 is a monovalent perfluoroalkyl or perfluorooxyalkyl group of 1 to 14 carbon atoms, R 2 is independently a 
monovalent hydrocarbon group of 1 to 10 carbon atoms, R 3 is a divalent organic group of 2 to 5 carbon atoms, "b" and 
n c n each are an integer of at least 0, "d" and "e" are independently equal to 0, 1 , 2 or 3, with the proviso that b, d and 
e are not equal to 0 at the same time. 

[0033] In formula (3), Rf 3 is a perfluoroalkyl or perfluorooxyalkyl group of 1 to 14 carbon atoms, preferably 4 to 10 
carbon atoms. Where two or more Rf 3 groups are included in the molecule, they may be the same or different. The 
preferred perfluoroalkyl groups are straight or branched ones of the formula: C k F 2k+1 - wherein k is an integer of 1 to 
14. The preferred perfluorooxyalkyl groups are straight or branches ones of the following formulae. 



Herein, s is an integer of 1 to 4, and t is equal to 0 or 1 . 

[0034] In formula (3), R 2 is independently selected from monovalent hydrocarbon groups of 1 to 10 carbon atoms, 
especially 1 to 8 carbon atoms. Preferred monovalent hydrocarbon groups are alkyl or aryl groups, especially methyl 
or phenyl. 

[0035] In formula (3), R 3 is selected from divalent organic groups of 2 to 5 carbon atoms, as typified by alkylene 
groups of 2 to 5 carbon atoms. The alkylene groups may have at an intermediate or ends of their carbon atom chain 
an ether bond or an amide bond which may be unsubstituted or substituted with a C^e, especially lower alkyl or 
phenyl. Typical examples of such alkylene groups include -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -(CH 2 ) 4 -, -(CH 2 ) 5 -, 
-CHaOCHgCHaCHa-, -CH(CH 3 )-, -CH(CH 3 )CH 2 -, -CONHCH 2 CH 2 CH 2 -, -CON(CH 3 )CH 2 CH 2 CH 2 -, and -CON(C 6 H 5 ) 
CH 2 CH 2 CH 2 -. Where two or more R 3 groups are included in a molecule, they may be the same or different. 
[0036] In formula (3), "b" and "c" each are an integer inclusive of 0, preferably b+c is 1 to 100, especially 2 to 60, a 6 tt 
and "e" are independently equal to 0, 1 , 2 or 3, with the proviso that b, d and e are not equal to 0 at the same time. It 
is desirable that b to d are selected such that the content of fluorine in the molecule is at least 1 0% by weight calculated 
as fluorine atoms. The fluorinated organopolysiloxane preferably has a viscosity of about 1 to 300 centistokes at 25° C. 
[0037] Typical, non-limiting, examples of the fluorinated group-bearing organopolysiloxane are given below. 



F-{CFCF 2 0)r<CF 2 CF 2 )r 
CF 3 



F-(CFCF 2 0)r(CF)r 
CF 3 CF 3 



CH 3 CH 3 




CH 3 CH 3 
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5 



C 8 F 17 CH 2 CH 2 CH 3 

(CH a ) 3 SiO-(Si-O) Bl HSi-O> 1 T-Si(CH.03 
I I 
CH3 CH3 



70 



RfCH 2 OCH 2 CH 2 CH 2 CH 3 
I I 

(CH 3 ) 3 SiO-(Si-0)r-(Si-0)^-Si(CH3)3 
I I 



Rf:F-(CFCF 2 0)rCF- 
I I 
CF 3 CF 3 



15 



20 



C<F 9 CH 2 CH 2 CH 3 
I ! 

(CH 3 ) 3 SiO-(Si-0>HSi-0)TT-Si(CH3)3 



CH3 CH3 



[0038] In the practice of the invention, component (E) should desirably have a low surface tension to components 
25 (A) and (B), specifically a surface tension of up to 30 dyn/cm, and more desirably up to 20 dyn/cm. The fluorinated 
organopolysiloxane having such a low surface tension (E) is effective for breaking foams. Namely, when foams evolve, 
component (E) having a low surface tension diffuses between an air layer and component (A) or (B) so that component 
(E) becomes foam-breaking nuclei. 

[0039] The fluorinated group-bearing organopolysiloxane of formula (3) can be prepared by well-known methods. 
30 [0040] Preferably the fluorinated organopolysiloxane (E) is blended in amounts of about 0.001 to 1 part, more pref- 
erably about 0.005 to 0.5 part, and most preferably about 0.005 to 0.05 part by weight per 1 00 parts by weight of linear 
polyfluoro compounds (A) and (B) combined. Less than 0.001 part of component (E) may not fully exert an anti-foaming 
effect. More than 1 part of component (E) may achieve no further effect and lose compatibility with components (A), 
(B) and (C). 

35 [0041] In addition to the above-described components (A) to (E), the composition of the invention may further contain 
various additives which are per se known. Such optional components include regulators for hydros! lylation catalysts, 
for example, acetylene alcohols such as 1-ethynyl-1-hydroxycyclohexane, 3-methyl-1-butyn-3-ol, 3,5-dimethyl-1-hex- 
yn-3-ol, 3-methyl-1-penten-3-ol, and phenylbutynol, 3-methyl-3-penten-1-yne, 3,5-dimethyl-3-hexen-1-yne, etc., 
polymethylvinylsiloxane cyclic compounds, and organic phosphorus compounds. These regulators are effective for 

40 maintaining curing reactivity and storage stability appropriate. Other optical components include inorganic fillers, for 
example, fumed silica, silica aerogel, precipitated silica, ground silica, diatomaceous earth, iron oxide, zinc oxide, 
titanium oxide, calcium carbonate, magnesium carbonate, zinc carbonate, and carbon black. By adding such inorganic 
fillers to the inventive composition, the hardness and mechanical strength of cured gel can be adjusted. There may be 
added hollow inorganic fillers, hollow organic fillers and rubbery spherical fillers as well. The amounts of these optional 

45 components added are arbitrary insofar as they do not compromise the physical properties of cured gel. 

[0042] The fluorinated curable composition comprising the essential and optional components mentioned above is 
cured into a gel product (or cured gel) having improved solvent resistance and chemical resistance. 
[0043] By the term "cured gel' as used herein it is meant that the cured product has a three-dimensional structure 
in part and undergoes deformation and flow under stress. As an approximate measure, the cured gel has a hardness 

so of up to "0" as measured by a JIS rubber hardness meter or a penetration of 1 to 200 as measured according to ASTM 
D-1 403 (1/4 cone). 

[0044] The cured gel is generally obtained by well-known methods, for example, by pouring the inventive composition 
of the addition curing type into a suitable mold and causing the composition to cure therein. Alternatively, the inventive 
composition is coated onto a suitable substrate and cured thereon. Curing is readily effected by heating at a temperature 
ss of about 60 to 150°C for about 30 to 180 minutes. 

[0045] There have been described fluorinated curable compositions which are effectively vacuum deaeratable and 
foam breakable, and yield cured gel products having improved chemical and solvent resistance. The compositions are 
thus suited for the potting and sealing of electric and electronic parts and as protective coating materials for control 
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circuit elements such as power transistors, ICs and capacitors. 
EXAMPLE 



[0046] Examples of the invention are given below by way of illustration and not by way of limitation. Parts are by 
weight. 

Example 1 

[0047] To 50 parts of a polymer (viscosity 3,000 cp) of the following formula (4) and 50 parts of a polymer (viscosity 
1 ,000 cp) of the following formula (5) were added 0,01 part of a compound of the following formula (6), 13.7 parts of 
a compound of the following formula (7), 0.15 part of a 50% toluene solution of ethynylcyclohexanol, and 0.015 part 
of an ethanol solution of a vinylsiloxane complex with chloroplatinic acid (platinum concentration 3.0% by weight). 
Mixing these components yielded a fluorinated curable composition. 



H 3 C 
I 

CH 2 -CH- 



CH 3 
I 



H 3 C \X o 



-C--CFOCF 2 



A. 



CF 2 OCF C-N 



CF 3 J 



CHa 

I 



>0 



CHa 



CH ; 



Si-CH=CH, 



a + b = 35 



F— CFCF 2 0— CF-C 



I 

LCFa 



I 

CF : 



O CH 3 CHa 
M | | 

CH 3 



c = 24 



C 9 F I7 CH 2 CH 2 CH 3 

(CH 3 ) 3 SiO-{Si-O>THSi-0)5rSi(CHa)a 
I I 

CH3 CH3 



CHa 


rH 1 




fCHai 


I 

GFXH^HjSiO- 


1 

-SiO- 
1 




1 

-SiO- 


CH 3 


I CH 3 J 


4 


1 

I- CHa J 



CH:CeF it 

CH 2 CHa 
I I 

-SiO-Si-CH 2 CH 2 C«F„ 
I I 

* CH 3 CHa 
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[0048] The composition was cured by heating at 1 50°C for one hour, obtaining a clear cured gel having a penetration 
of 78 as measured according to ASTM D-1 403 (1/4 cone). 

Example 2 

[0049] A fiuorinated curable composition was prepared as in Example 1 except that 0.03 part of a compound of the 
following formula (8) was used instead of the compound of formula (6) and 12.1 parts of a compound of the following 
formula (9) was used instead of the compound of formula (7). 

RfCH 2 OCH 2 CH 2 CH 2 CH 3 
I I 

(CH 3 ) 3 SiO-<Si-0)HSi-0>nrSi(CH3) 3 Rf : F-(CFCF 2 0)rCF- 

CHs CHg CF3 CF3 



CH 3 

CJ : ' 17 CH 2 CH 2 CH 2 Si04fHSiO 



CH S 

I 



I 



I CH 3 J 



SiCH2CH2"~ C$F j 2 — 





r CH S1 
1 




CH 2 CH 2 Si 


OSiH- 
1 






I chJ 


2 . 



CH 3 
I 

OSiCH 2 CH 2 CH 2 C s F l7 
CH 3 



[0050] The composition was cured as in Example 1 , obtaining a clear cured gel having a penetration of 65. 
Comparative Example 1 

[0051] A similar composition was prepared as in Example 1 except that the compound of formula (6) was omitted. 
The composition was cured as in Example 1 , obtaining a clear cured gel having a penetration of 78. 

Comparative Example 2 

[0052] A similar composition was prepared as in Example 2 except that the compound of formula (8) was omitted. 
The composition was cured as in Example 1 , obtaining a clear cured gel having a penetration of 65. 
[0053] Next, the above compositions were examined for anti-foaming property. Each of the four compositions, 20 
ml, was admitted into a 100-ml test tube, which was shaken for one minute for foaming. After shaking, evacuation was 
made to a vacuum of 1 Torr. The height of foams upon foaming and the time passed until the complete extinction of 
foams were measured. 



Table 1 





E1 


E2 


CE1 


CE2 


Foaming height (cm) 


1 


1 


15 


20 


Foam extinction time (min) 


0.5 


0.5 


10 


15 



[0054] Japanese Patent Application No. 11-250880 is incorporated herein by reference. 

[0055] Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
either the spirit or scope of the present invention as defined by the claims. 
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Claims 

1 . A fluorinated curable composition comprising as main components, 

(A) a linear polyfluoro compound of the following general formula (1 ): 

CH 2 =CH-(X) a -Rf 1 -(X) a -CH=CH 2 (1 ) 

wherein X is independently -CH 2 -, -CH 2 0-, -CH 2 OCH 2 - or -Y-NR 1 -CO- wherein Y is -CH 2 - or 




CH 3 

and R 1 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon group, Rf is a divalent per- 
fluoroalkylene or perfluorooxyalkylene group, and "a" is independently equal to 0 or 1, 

(B) a linear polyfluoro compound of the following general formula (2): 

Rf 2 -(X) a -CH=CH 2 (2) 

wherein X and "a" are as defined above, and Rf 2 is a monovalent perfluoroalkyl or perfluorooxyalkyl group, 

(C) an organosilicon compound having at least two hydrosilyl groups in a molecule, 

(D) a platinum group catalyst, and 

(E) a fluorinated organopolysiloxane. 

2. The fluorinated curable composition of claim 1 wherein component (E) is a fluorinated organopolysiloxane of the 
following general formula (3): 

R 2 „ R 3 -Rf R 2 RV e 
II II 
(Rf 3 -R 3 ) d Si0-<Si-0)F-(Si-O)r Si(R 3 -Rf), 

R 2 R 2 

wherein Rf 3 is a monovalent perfluoroalkyl or perfluorooxyalkyl group of 1 to 14 carbon atoms, R 2 is independently 
a monovalent hydrocarbon group of 1 to 10 carbon atoms, R 3 is a divalent organic group of 2 to 5 carbon atoms, 
"b" and "c" each are an integer of at least 0, "d" and °e° are independently equal to 0, 1 , 2 or 3, with the proviso 
that b, d and e are not equal to 0 at the same time. 

3. The fluorinated curable composition of claim 1 or claim 2 wherein 0.001 to 1 part by weight of the fiuorinated 
organopolysiloxane (E) is blended per 100 parts by weight of components (A) and (B) combined. 

4. The fluorinated curable composition of claim 1 , 2 or 3 which cures into a gel product having a penetration of 1 to 
200 as measured according to ASTM D-1403. 
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